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NanotizationAbstract Ni nanoparticles were synthesized by solution reduction process successfully. The inﬂu-
ence of parameters on the size of Ni nanoparticles was studied and the referential process param-
eters were obtained. The morphology and structure of the synthesized Ni nanoparticles were
characterized by transmission electron microscopy (TEM), powder X-ray diffraction (XRD), QELS
data and infrared spectroscopy (IR). The result shows that Ni nanoparticles are of high purity and
the average size of Ni nanoparticles was found to be 13 ± 2 nm.
ª 2011 Production and hosting by Elsevier B.V. on behalf of King Saud University.
Open access under CC BY-NC-ND license.1. Introduction
Worldwide in the past decade, nano science and nanotechnol-
ogy have a particular ﬁeld for research and development. The
Government and industry have steadily increased the invest-
ment in nanotechnology. Fundamentally, nanotechnology is
about manipulating and making materials at atomic and
molecular level of dimension 1–100 billionths of a metre, inter-
est in nanoscience and technology in recent years (Takenori
and Akiya, 2009) has focussed attention on the opportunity
to develop catalysts that exhibit 100% selectivity for desired
products and eliminate waste. This type of selective processis often called Green Chemistry or green technology (B-Zhou
et al., 2004). A number of reducing agents with different sub-
strate has been reported in literature. A variety of reducing sys-
tems are available to carry out reductions, which include
Raney nickel (Alanso et al., 2007; Corcy et al., 1988), Ni-
MCM-41 (Ranu et al., 2008), Cu/Ru complexes (Smith,
1994), HCOONa/\pressure (Sarangi et al., 1995), Meerwein–
pondorff verley (MPV) reductions, Fe/HCl (Box and
Metetics, 1998) and Sn/HCl (Van Santen et al., 1999). This
can be circumvented by using aminoborane (Haji pour and
Mallakpour, 2001), tributylstannane (Reddy et al., 2002),
low valency titanium (Firouzabadi et al., 2002), tetrabutylam-
monium triacetoxy-aluminium hydride (Selvam et al., 2004;
Bandagar and Kample, 2001), and lithium trialkoxy-alumin-
ium hydrides (Tajbakhsh and Ahmadi-nejhad, 2003). A large
number of nanoparticles have been prepared most frequently
by the dispersion of performed polymers (Kompella et al.,
2001) solvent evaporation method (Kwon et al., 2001) and
ionic gelation method (Calvo et al., 1997). All these methods
have their own drawbacks. Ni-nanoparticles, in particular
being cheap, need mild reaction conditions for high yields of
products in short reaction times as compared to the traditional
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Scheme 1 The schematic formation of Ni(0) nanoparticles by
reduction method from Ni (NO3)2Æ6H2O.
438 S. Chandra et al.Raney-nickel (Park et al., 2007). We report herein a novel syn-
thesis of Ni-nanoparticles and their characterizations.
2. Experimental
2.1. Reagents and measurements
Reagent grade Ni(NO3)2Æ6H2O was obtained from Acros
organics. Benzil and diethylenetriamine were purchased from
Loba chemie and Tedia Company and used as received with-
out further puriﬁcation. Solvents used were of Analytical
grade. IR spectra were recorded on Perkin–Elmer FTIR-
1710 spectrophotometer using KBr. The size of nanoparticles
was conﬁrmed through quasi elastic light scattering data
(QELS) and transmission electron microscopy (TEM). The
UV spectrum was recorded in DMSO on Shimadzu UV
mini-1240 spectrophotometer. The transmission electron
microscopy (TEM) images of nanoparticles were obtained with
a JEOL JEM-1200EX transmission electron microscope oper-
ating at 120 kV with an energy dispersive spectrometer (EDS).
The mass spectra were recorded on JEOL NMS DX 303 at
70 eV or on a KC455 Waters TOF MS spectrometer. Powder
XRD was recorded on Philips X-Ray PW3710. The antioxi-
dant property was determined by TGA.
4. Synthesis of ligand
To an ethanolic solution (20 cm3) of diethylenetriamine
(0.002 mol), an ethanolic solution of benzil (0.002 mol) wasFigure 1 (A and B) The TEM iadded. The solution was cooled to ca. 5 C and then conc.
1–2 drops of dil. HCl was added. The mixture was stirred
and reﬂuxed for 6 h at 60 C. The resulting white coloured
solid was washed with ethanol and dried under vacuum over
P4O10. Yield: 70% (Scheme 1) (Chandra et al., 2009;
Chandra and Pundir, 2008). Elemental analysis: (C18H19N3;
Found: C 77.8; H 6.9; N 15.18; Calculated: C 77.97 H
6.8; N 15.3; MS: M+ 271.1, M. P. 145 C, IR bands
(KBr, cm1): 32,919(s), 3064(s), 2903(m), 1628(s), 1446(m),
1285(m), 1040(m), 973(m), 760(m), 697(m). 1H NMR
(CDCl3, d): 7.1–7.7 for Ar-H, 3.9–4.1 for –NH2, 3.1–3.29
for ‚C–C–CH2– and 6.02 for NH (Chandra and Kumar,
2011a,b).5. Synthesis of Ni nanoparticles
Ni(NO3)2Æ6H2O (0.02 mol) was dissolved in 10 cm
3 ionized
water. To this solution, a hot ethanolic solution 10 cm3 of
reducing agent benzildiethylenetriamine (0.004 mol) was
added. After being stirred and reﬂuxed for (1.5–2.0 h) at mod-
erate temperature, the colour of the solution became pale blue
to black. On keeping the solution overnight, the nickel nano-
particles were formed and separated out from the solution
by centrifugation (6000 rpm, 10 min) to remove the reducing
agent. The particles were cleaned with acetone and dried at
room temperature for 24 h.6. Results and discussion
TEM images conﬁrmed that Ni nanoparticles are in nano
range (13 ± 2). TEM images are shown in Fig. 1(A and
B). The FT-IR spectrum of the reducing agent and the Ni
nanoparticles pasted in KBr pellet is shown in Fig. 2(A
and B) which shows the absence of nitrate peak at the rele-
vant position. In the powder XRD the peak 2h= 27, 31.4,
33.6, 37.3, 43.5, 45.5, 63.7, 76.7 corresponding to the Ni
nanoparticles is shown in the Fig. 3. UV spectrum of Ni
nanoparticles for characterizing the metallic nature whose
broad peak corresponds to the Ni range from 250–370 nm
(Fig. 4). QELS data (Fig. 5) of the Ni nanoparticles show
that nanoparticles range from 13–20 nm. The solvent used
plays an important role in deciding the reduction path and
the nature of the product. In the past, Ni2+ ions to Ni(0)
in reverse micellar system were employed to prepare the
nickel nanoparticles (Cook, 1962; Zhang et al., 2005). Crys-
talline size ‘D’ was obtained by the measurement of themages of Ni(0) nanoparticles.
Figure 2 (A and B) IR of reducing agent and Ni(0) nanoparticles.
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Debye–Scherer formula (Rani et al., 2008).
D ¼ 0:94k
bCosh
where k is the wavelength of XRD radiation, b is the full
width at half maximum of the peak corresponding to the
plane, h is the angle obtained from 2h value correspondingto XRD pattern. Crystalline size was obtained from the
sharp peak at 2h= 37.5 from the powder XRD. Particle
size distributions of Ni nanoparticles in methanol, ethanol,
water, acetonitrile, cyclohexane and dimethylsulfoxide are
shown in Fig. 6. This shows that the ethanol is a good sol-
vent for the synthesis of Ni nanoparticles. The thermal
gravimetric analysis reveals that the antioxidant property
of Ni nanoparticles decomposed at 130–250 C which is
Figure 3 The powder XRD graph of Ni(0) nanoparticles.
Figure 4 UV spectrum of Ni(0) nanoparticles.
440 S. Chandra et al.shown in Fig. 7. The effect of digestion of particles in aque-
ous dispersion of the reducing agent on particle size is
described in Table 1 which shows that more concentrationFigure 5 The quasi elastic light scattering (QELS) data Ni(0)
nanoparticles.of reducing agent reduces the size of the Ni nanoparticles.
It has been postulated that in the case of particles of aver-
age size less than 20 nm, a downward shift of Fermi-level
takes place, consequently, with an increase of band gap
energy. As a result the particle requires more energy to
pump electron to adsorbed ions for electron transfer reac-
tion. This leads to a reduction in the reaction rate when cat-
alysed by smaller particles on the other hand, for
nanoparticle >20 nm in diameter, the change of Fermi-level
is not appreciable.
7. Conclusion
Ni nanoparticles were successfully synthesized by reduction
method which is greener and environmentally suitable, cheap
and best as compared to conventional methods. The synthe-
sized nanoparticles were highly pure and almost homogenous
in size. In further study we will investigate the catalytic prop-
erties of Ni nanoparticles.Figure 6 The particle size distribution of Ni(0) nanoparticles
curve synthesized in different solvents.
Figure 7 The TGA of Ni(0) nanoparticles.
Table 1 The effect of digestion of particles in aqueous
dispersion of reducing agent on size.a
Trial Conc. of
Ni-ion (M)
Con. of added
reducing agent (M)
Size of Ni nano
particlesb (nm)
1 0.02 0.0040 13
2 0.02 0.0035 22
3 0.02 0.0030 34
4 0.02 0.0025 42
5 0.02 0.0020 50
6 0.02 0.0015 60
a Reaction condition: 0.0040–0.0015 M reducing agent, 0.02 M
nickel nitrate, solvent–ethanol; 40–80 C.
b Size was conﬁrmed by TEM.
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